portion of the ampicillin transposon. The regularity in size of the plasmids bearing ampicillin resistance suggests a common origin for the plasmids within each group from which little if any evolution has taken place since initial formation.
Examination of Haemophilus influenzae strains isolated in New Orleans revealed ampicillin-resistant strains with plasmids of size classes not previously detected in North America. The molecular weight of plasmids in five ampicillinresistant strains ranged from 0.8 x 106 daltons (0.8 Mdal) to 36 Mdal. The molecular weights of the plasmids were determined by sucrose gradient centrifugation, electron microscopy, and agarose gel electrophoresis. Plasmids of the previously detected 30-Mdal size class were found in three of the five ampicillinresistant strains. Restriction enzyme analysis is consistent with a close relationship between these three 30-Mdal plasmids. Of the two remaining ampicillin-resistant strains, one contained a single plasmid of 36 Mdal and the other contained two plasmids of 0.8 and 2.3 Mdal.
The recent emergence of antibiotic resistance in isolates of Haemophilus influenzae had aroused interest in searching these organisms for the presence of plasmid deoxyribonucleic acid (DNA). Elwell et al. (4) (5) (6) 14) have identified two size classes of Haemophilus plasmids from clinical isolates collected in North America before 1975 that bear ampicillin resistance determinants. One of these plasmid classes has a molecular mass of 30 x 106 daltons (30 Mdal) and carries an ampicillin transposon similar or identical to the ampicillin transposon found in plasmids of gram-negative enterics. The other class is approximately 3 Mdal and contains only a portion of the ampicillin transposon. The regularity in size of the plasmids bearing ampicillin resistance suggests a common origin for the plasmids within each group from which little if any evolution has taken place since initial formation.
To study the evolution of these plasmids, we have been monitoring both antibiotic-susceptible and -resistant strains of H. influenzae from clinical isolates for plasmid DNA. Twenty-three strains have been examined thus far. The only antibiotic resistance encountered was to ampicillin, and all five ampicillin-resistant strains studied contained at least one plasmid. This report characterizes the plasmid population of these five strains and that of one antibiotic-susceptible strain. The molecular weight and the restriction enzyme digestion pattern were determined for each plasmid.
MATERIALS AND METHODS
Bacterial strains and growth conditions. (7). Sucrose gradient sedimentation analysis. The sedimentation coefficient of each plasmid was determined by comparing the rate of sedimentation of the dye-buoyant density-purified DNA to that of a standard, covalently closed circular (CCC) PM2 phage DNA in 5 to 20% neutral or alkaline sucrose gradients as previously described (8) . The molecular weight of each plasmid was calculated according to the formula of Bazaral and Helinski (2).
Electron microscopy. Plasmid DNA purified by dye-buoyant density gradient centrifugation was nicked by leaving the sample at room temperature for 3 to 4 days. Parlodian-coated electron microscope grids were prepared according to the method of Davis et al. (3) and shadowed with platinum-paladium. From 6 to 10 randomly chosen open circular molecules were photographed by using a Phillips 201 electron microscope. Molecular weight determinations were made by comparing the contour length of each molecule to that of the standard PM2 phage DNA.
Agarose gel electrophoresis. Agarose gel electrophoresis of high-salt-extracted or of dye-buoyant density-purified plasmid DNA was performed as described by Elweil et al. (11) , with the exception that Trisacetate buffer (1) containing 40 mM Tris-hydrochloride (pH 7.9)-20 mM sodium acetate-2 mM disodium EDTA was substituted for Tris-borate buffer. Gels were prepared by melting 0.7% (wt/vol) agarose (Sigma, type) in Tris-acetate buffer in a microwave oven for 6 min. Gels were used 1 to 2 h after being poured. The gels were run for 4 h at 100 V in the slab gel apparatus described by Sugden et al. (15) . The gels were stained for 15 min in an aqueous solution containing 5 ,ug of ethidium bromide per ml and destained for 15 min in distilled water in the dark. Bands were made visible by short-wave ultraviolet light illumination. Pictures were made of each gel by using a Wratten 23A filter and Polaroid type 105 positive/negative film. The molecular weight of each plasmid was determined from its migration in the gel relative to the standard plasmid DNA. Restriction endonuclease cleavage of plasmid DNA and analysis of DNA fragments by agarose gel electrophoresis. Duplicate samples of each plasmid DNA and A standard DNA (Bethesda Research Laboratories) were treated in a similar manner except that one sample was incubated with the restriction endonuclease and the other was incubated without it. The reaction mixture for cleavage by HindIII consisted of 1 to 2 ,ug of DNA, 10 U of HindIII endonuclease (Bethesda Research Laboratories), 10 mM Trishydrochloride, pH 7.5, 50 mM NaCl, 1 mM EDTA, and 6 mM MgCl2 (12) . The reaction mixture for EcoRI cleavage contained 1 to 2 ,ug of DNA, 15 U of EcoRI endonuclease (Miles Laboratories), 50 mM Tris-hydrochloride, pH 7.5, 50 mM NaCl, 2.5 mM disodium EDTA, and 10 mM MgCl2 (13) . Samples were incubated at 37°C for 2 h at which time the reaction was halted by the addition of 5 pl of a dye solution containing bromophenol blue (0.07%), sodium dodecyl sulfate (7%), and glycerol (33%). Samples were immediately subjected to electrophoresis in 0.7 or 1.0% agarose gels as above. The molecular weight of each fragment was determined from its migration in the gel relative to the A DNA fragments.
RESULTS
Dye-buoyant density analysis. Supercoiled circular DNA was isolated from each strain by dye-buoyant density gradient centrifugation. Typical results for strain MH3 are shown in Fig. 1 markers of the recipient strain. The phenotypes of the parents and transcipients are reported in Table 3 . In all cases, transfer was very inefficient and erratic. Repeated attempts to isolate transcipients from strain MH20 and MH27 failed to indicate that the ampicillin resistance observed in these strains was plasmid borne, and plasmids from these strains may be considered cryptic in this report.
The recipient strain was shown by dye-buoyant density gradient analysis and agarose gel electrophoresis to be plasmid-free. Each transcipient was shown by agarose gel electrophoresis to contain a plasmid of the same size as the donor parent.
Restriction enzyme analysis. Agarose gel electrophoresis patterns of plasmid DNA that had been digested with the restriction endonuclease HindIII are shown in Fig. 2 . The circular forms of plasmids pMH4, pMH5, and pMH6 were each cleaved once by HindIII to produce a single linear molecule (Fig. 2F, J, 
a Ap, Ampicillin; Kan, kanamycin; Str, streptomycin; Nal, nalidixic acid. S, Susceptibility; R, resistance. Susceptibility or resistance was determined by relative zone sizes using standardized antibiotic-susceptibility disks. 2D). HindIII also showed no activity against pMH4 from strain MH13, a transcipient of MH3 (Fig. 2H ). An explanation for this apparent discrepancy is that strain MH13 is a derivative of strain Rd, the source of the HindIII enzyme. DNA from strain MH13 was thus protected from HindIII restriction, presumably as a result of in vivo modification by the endogenous HindIII methylase.
The plasmids were also digested with the restriction endonuclease EcoRI. Agarose gel patterns of EcoRI digestion products of each plasmid are shown in Fig. 3 . The size of each fragment generated by EcoRI cleavage, as determined from migration distances of fragments and standards, is depicted in Fig. 4 .
The plasmids that we have shown to carry the ampicillin resistance determinants (pMH4, pMH5, and pMH6) had similar, but not identical, EcoRI digestion patterns (Fig. 3F, H, rigorously proven, that all five sites seen in pMH4 are similar or identical to five of the six sites seen in pMH6. Plasmid pMH5 appears to lack two of four fragments seen in both pMH4 and pMH6. Examination of the molecular weights of the plasmid fragments reveals that one of the fragments seen only in pMH5 could result from the deletion of the EcoRI site that produces the two fragments not seen in pMH5. Further support for this hypothesis is that a fragment appears in partial digestion mixtures of pMH4 and of pMH6 (e.g., Fig. 3H ) at a position similar to the unique fragment seen in pMH5. It is thus likely that pMH5 shares all of its five EcoRI sites with pMH6 and four sites with pMH4. Plasmids pMH7, pMH8, and pMH9 seem quite different from pMH4, pMH5, and pMH6 since the restriction patterns of the two groups were quite different. Neither pMH8 nor pMH9 from strain MH27 exhibited EcoRI restriction sites.
DISCUSSION
Restriction enzyme analysis indicates that plasmids pMH4, pMH5, and pMH6 are probably related to each other, and that pMH4 and pMH5 have evolved by a series of deletions from (and possibly insertions into) the primordial plasmid pMH6. It is unlikely that the similarity in restriction enzyme digestion patterns we have described would have arisen independently in each of the three plasmids. The data suggest four EcoRI restriction sites common to plasmids pMH4, pMH5, and pMH6. Plasmids pMH4 and pMH5 each have a fifth site, different in each; and pMH6 has all six of these sites (Fig. 5) . Restriction enzyme analysis also suggests that plasmids pMH1, pMH7, pMH8, and pMH9 are not related to pMH4, pMH5, and pMH6. Plasmids bearing ampicillin resistance determinants have apparently conserved their identity since their emergence several years ago. The three related plasmids we identified fall into one of the classes described by Elwell et al. (5) in 1975. This conservatism may be due to the paucity of indigenous plasmids in the genus Haemophilus (8) . However, the plasmid pool is likely to increase due to the selective advantage conferred by the newly acquired genes for antibiotic resistance. If so, we may expect to see an increase in the rate of plasmid diversification in Haemophilus. The plasmids in the ampicillin-resistant strains MH20 and MH27 may represent such a trend.
